Plasminogen activation by single-chain urokinase in functional isolation. A kinetic study.
The kinetics of the activation of Glu- and Lys-plasminogen by single-chain urokinase (sc urokinase) derived from the transformed human kidney cell line TCL-598 have been studied and compared with two-chain urokinase (tc urokinase). Plasminogen activation was determined by the increase in fluorescence polarization of fluorescein-labeled aprotinin, a high affinity inhibitor of plasmin. This methodology allows plasmin generation by sc urokinase to be measured in functional isolation, with no interfering generation of tc urokinase, sc urokinase was found to activate plasminogen to plasmin with apparent Michaelis-Menten-type kinetics. The Km for Glu-plasminogen activation was 47.7 microM, with a catalytic constant of 2.91 min-1. Lys-plasminogen activation by sc urokinase was characterized by a Km of 11.7 microM and a kcat of 5.60 min-1. The Km values for the activation of Glu- and Lys-plasminogen by tc urokinase were found to be similar to those for activation by sc urokinase (36.8 and 9.0 microM, respectively), but the catalytic constants were higher at 36.0 and 118 min-1, respectively. Therefore, on the basis of the catalytic efficiency kcat/Km, sc urokinase seems to have 16-27-fold lower activity than tc urokinase. This activity of sc urokinase is in contrast to its lack of activity against a low molecular weight peptide substrate (less than 0.2% of the activity of sc urokinase). The activation of sc urokinase to tc urokinase by plasmin was also characterized (Km = 3.0 microM, kcat = 105 min-1). Using these data, it was possible to calculate the theoretical rate of plasminogen activation by sc urokinase in the absence of aprotinin, when tc urokinase is generated by the action of plasmin. The calculated rate was in good agreement with that determined experimentally using the chromogenic substrate D-Val-Leu-Lys-p-nitroanilide. These data demonstrate that sc urokinase has properties which distinguish it from conventional serine protease zymogens. The lack of activity against low molecular weight peptide substrates demonstrates the inaccessibility of the substrate-binding pocket. However, there is a moderate activity against plasminogen, suggesting that plasminogen may be acting as both an effector and a substrate for sc urokinase.